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CIRCUIT ARRANGEMENT HAVING A TRANSIMPEDANCE 
AMPLIFIER CONNECTED TO A CURRENT LIMITER CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates generally to transimpedance amplifiers (TIAs) and, in 

particular, to a circuit arrangement having a transimpedance amplifier (TIA) 
connected to a current limiter circuit for limiting current to the TIA during an 
overdrive condition. 

2. Description of the Related Art 

10 A current to voltage converter or transimpedance amplifer (TIA) is used with a 

current source to condition or change a current signal to allow further processing of 
the current signal. Typically, photons are converted to current using a photomultiplier 
tube or photodiode and the current is then converted to a voltage in the TIA. The gain 
of the TIA is proportional to its feedback resistor and is subject to overdrive when the 

15 current signal exceeds a set limit. When an overdrive condition occurs, the TIA enters 
a non-linear saturated condition that requires time to recover and return to the linear 
mode of operation. 

Overdrive conditions in a TIA generally occur when cosmic rays strike a 
scintillator or from Fresnel reflections in optical time domain reflectometry. The 

20 overdrive signals can be on the order of 60dB or a factor of 1000 times greater than 
the normal signal of interest. 

Prior art TIA circuit arrangements limit the current the TIA is forced to 
respond to during an overdrive condition by feeding back a TIA output signal to an 
input terminal of the TIA to provide clamping. Nonetheless, by feeding back a TIA 
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output signal to an input terminal of the TIA, the TIA generally still enters the non- 
linear saturated condition. This operational condition can cause, especially in a 
monolithic integrated circuit, the generation of a thermal tail. A thermal tail is defined 
as the time required for a TIA operating in a non-linear saturated condition to recover 
5 and return to the linear mode of operation. The generation of the thermal tail slows 
down the operation of the TIA and can also lead to a loss of data in memory circuits. 

Therefore, it is an aspect of the invention to provide a circuit arrangement for 
limiting the magnitude of the current the TIA is forced to respond to during an 
overdrive condition. Further, it is another aspect of the invention to prevent high 

10 output currents and non-linear operation of a TIA during an overdrive condition. The 
latter will prevent the generation of thermal tails during the operation of a TIA. 

SUMMARY OF THE INVENTION 
With the foregoing and other aspects in view there is provided, in accordance 
with the invention, a circuit arrangement having an input terminal to which an input 

15 current is applied; an output terminal to which an output voltage is applied; a 
transimpedance amplifier (TIA) circuit connected to the output terminal; and an 
overdrive limiter circuit serially connected to the TIA circuit which receives the input 
current from the input terminal. The overdrive limiter circuit has at least one switch 
for providing an open circuit arrangement between a current source and the TIA 

20 circuit when an overdrive condition occurs. The open circuit arrangement limits the 
amount of current within the TIA circuit and prevents non-linear operation of an 
amplifier of the TIA circuit during the overdrive condition. 

The overdrive limiter circuit includes first and second current sources having a 
respective first terminal connected to ground and a Schottky bridge. The Schottky 

25 bridge includes the at least one switch, a first terminal connected to a second terminal 
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of the first current source, and a second terminal connected to a second terminal of the 
second current source. During operation of the circuit arrangement, a bias current is 
applied to the Schottky bridge by the first and second current sources. The bias 
current sets the maximum current the TIA circuit can provide to the current source 
5 and the maximum output voltage the TIA circuit can output via the output terminal. 
The overdrive limiter circuit further includes a diode having a first terminal connected 
to ground and a second terminal connected to the input terminal for supplying current 
to the current source when the overdrive condition occurs. 

The at least one switch of the Schottky bridge includes four diodes. A first 

10 pair of diodes is serially connected and parallel to a second pair of serially connected 
diodes. The cathodes of a first of the first pair of diodes and a second of the second 
pair of diodes are commonly connected to the second terminal of the first current 
source. The anodes of a second of the first pair of diodes and a second of the second 
pair of diodes are commonly connected to the second terminal of the second current 

15 source. 

The amplifier of the TIA circuit includes a first amplifier input terminal 
connected to the overdrive limiter circuit via an intermediate resistor, a second 
amplifier input terminal connected to ground, and an amplifier output terminal 
connected to the output terminal. The TIA circuit further includes an RC feedback 
20 network having a feedback resistor having a resistor input terminal connected to the 
first amplifier input terminal and having a resistor output terminal connected to the 
amplifier output terminal; and a capacitor connected in parallel to the feedback 
resistor. 

The circuit arrangement according to the invention has the advantage of 
25 limiting the magnitude of the current to the TIA circuit during the overdrive condition, 
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thereby preventing the amplifier of the TIA circuit from non-linear operation and from 
outputting high output currents. The circuit arrangement according to the invention 
further prevents the generation of thermal tails which slows down operation of prior 
art TIA circuits and tends to cause the loss of data in memory circuits. 
5 BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE of the drawing is a schematic circuit diagram of an exemplary 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the single FIGURE of the drawing in detail, there is seen an 

10 exemplary embodiment of a circuit arrangement according to the invention having a 
transimpedance amplifier (TIA) circuit 10 serially connected to an overdrive limiter 
circuit 12 or overdrive sensing or detecting circuit via an intermediate resistor Rl. 
The circuit arrangement can be referred to as a transimpedance amplifier-current 
limiter circuit (TIA-CLC). 

15 The TIA circuit 10 includes an amplifier 14, which, by way of example, is 

constructed as an operational amplifier in the FIGURE, and an RC network 22. A 
ground potential M is connected to a non-inverting input terminal 16 of the amplifier 
14. An inverting input terminal 18 of the amplifier 14 is serially connected to the 
overdrive limiter circuit 12 via the intermediate resistor Rl. The intermediate resistor 

20 Rl has a resistance of approximately 100 ohms. An output terminal 20 of the 

amplifier 14 forms an output terminal of the circuit arrangement. The output terminal 
20 is serially connected to two load resistors R2 and R3 both having a resistance of 
approximately 75 ohms. The ground potential M is connected to the two load 
resistors R2 and R3 at an opposite end of the output terminal 20. 
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The output terminal 20 of the amplifier 14 is connected to the input terminal 
18 of the amplifier 14 via a feedback resistor RF of the TIA circuit 10. The feedback 
resistor RF is connected in parallel to a capacitor CI forming the RC network 22. The 
feedback resistor RF has a resistance of approximately 10,000 ohms and the capacitor 
5 CI has a capacitance of approximately one picofarad. Two operating voltages V C c 
and V E e are provided to the amplifier 14 via voltage input terminals 24 and 26, 
respectively. 

The overdrive limiter circuit 12 includes a Schottky bridge 28, a first bias 
current source 30 having a first terminal 32 connected to the ground potential M and a 
10 second terminal 34 connected to a first terminal 36 of the Schottky bridge 28, and a 
second bias current source 38 having a first terminal 40 connected to the ground 
potential M and a second terminal 42 connected to a second terminal 44 of the 
Schottky bridge 28. 

Each of the two bias current sources 30, 38 provide a bias current of 100 uA to 
15 the Schottky bridge 28. This bias current sets the maximum current the TIA circuit 10 
can provide to a current source II and the maximum output voltage Vout the amplifier 
14 can output via output terminal 20, where Vout = II x RF. This is the transfer 
function of the TIA circuit 10 and can be measured at the junction of RF and R2. In 
the circuit arrangement shown by the FIGURE, if the current source II provides a 
20 current of 10 uA, then the output voltage Vout is 10 uA x 10,000 ohms or 100 mV. 
This is well within the linear operating range of the TIA circuit 10 and no overdrive 
condition occurs. 

One can adjust the current values of the bias current sources 30, 38 for 
adjusting the clamping current level. Preferably, the both bias current sources 30, 38 
25 are matched, thereby providing the same current level. 
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The Schottky bridge 28 is formed with four diodes D1-D4. Preferably, the 
Schottky bridge 28 is a monolithic unit that allows matching of diode parameters over 
temperature. A first pair of diodes, i.e., diodes Dl and D2, is serially connected and a 
second pair of diodes/i.e., diodes D3 and D4, is serially connected. The first and 
5 second pair of diodes are connected in parallel as shown in the FIGURE. Diodes Dl 
and D3 are coupled at the first terminal 36 and diodes D2 and D4 are coupled at the 
second terminal 44. Intermediate resistor Rl is coupled to the Schottky bridge 28 at a 
junction 46 between diodes D3 and D4. 

An input resistor Rin is coupled to the Schottky bridge 28 at a junction 48 
10 between diodes Dl and D2. The input resistor Rin is also coupled to the current 

source II and a capacitor Cin at junction 50. The input resistor Rin has a resistance of 
approximately 2,000 ohms and the capacitor Cin has a capacitance of approximately 
14 picofarads. The capacitor Cin and the current source II are also coupled to the 
ground potential M. 

15 Also coupled to the Schottky bridge 28 at the junction 48 is a transistor 52. 

The input resistor Rin, the intermediate resistor Rl, and/or the transistor 52 can be 
part of the overdrive limiter circuit 12 when the overdrive limiter circuit 12 is a 
monolithic circuit. The transistor 52 is preferably a junction field-effect transistor 
(JFET) and is diode connected, i.e., configured to as a reverse-biased diode until the 

20 overdrive condition exists. The transistor 52 can also be the collector base junction of 
a bipolar NPN transistor. 

The JFET and the bipolar NPN provide extremely low leakage currents to the 
circuit over a large temperature range. The leakage current of the transistor 52 in the 
circuit arrangement shown by the FIGURE is 60 dB lower than a typical junction 

25 signal diode, such as a BAS32 diode, for example. The Schottky bridge diodes Dl- 
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D4 and the transistor 52 preferably have low capacity so as to not degrade high 
frequency performance of the TIA circuit 10. 

The function of the diode-connected transistor 52 is to supply additional 
current to the current source II during the overdrive condition. During the overdrive 
5 condition, the current source II in the exemplary circuit arrangement shown by the 
FIGURE requires a current of 1000 x 10 uA or 10 mA. 

The overdrive condition is sensed or detected by the overdrive limiter circuit 
12 in the circuit arrangement shown by the FIGURE when the overdrive limiter circuit 
12 receives a current of 100 uA from the TIA circuit 10 at junction 46. When a 

10 current of 100 uA is received at junction 46, an open circuit arrangement is provided 
by the Schottky bridge 28. The open circuit arrangement effectively disconnects the 
TIA circuit 10 from the current source II, thereby clamping the current being fed to 
the TIA circuit 10. The current is clamped until a lower current is received at junction 
46 indicating the non-presence of the overdrive condition. 

15 As described in detail above, the circuit arrangement according to the 

invention has the advantage of limiting the magnitude of the current to the TIA circuit 
10 during the overdrive condition, thereby preventing the amplifier 14 of the TIA 
circuit 10 from non-linear operation and from outputting high output currents. 
Therefore, the circuit arrangement according to the invention prevents the generation 

20 of thermal tails which slows down operation of prior art TIA circuits and tends to 
cause the loss of data in memory circuits. 

Although the invention is illustrated and described herein as embodied in the 
circuit arrangement shown by the FIGURE, it is nevertheless not intended to be 
limited to the details shown, since various modifications and structural changes may 
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be made therein without departing from the spirit of the invention and within the 
scope and range of equivalents of the claims. 
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